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What is the Basic Mechanism
Behind Single Event Effects?

CHARGE INJECTION
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Charge Injection
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Requirements

* Light must be able to reach sensitive nodes
— Metal layers and packaging

 Light must be able to create free carriers
— Materials and structures

Preferences

 Sensitive node must be “visible”
— Scaling

« Amount of absorbed light must be measurable
— Quantifiable
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Future Challenges

Presented by S. Buchner at SEE Symposium,
Long Beach, CA April 11th, 2006



Future Challenges

plugs

Circuit Layer
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Future Challenges

« Packaging

Epoxy Underfill Die

Solder Ball Rigid

Presented by S. Buchner at SEE Symposium,
Long Beach, CA April 11th, 2006



» Scaling
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Future Challenges

Laser Spot
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Future Challenges

Plasti_g ransistor

 Exotic Materials

Quantum Dots

(Pyramid & Disk-like)

Quantum

Dots
Single Molecule
Transistor
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Future Challenges

Drain

* Novel Structures

Substrate

Presented by S. Buchner at SEE Symposium,
Long Beach, CA April 11th, 2006



 Equipment $8 for Lasers
Large Optical Table
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Current State of Technique
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5 Facilities

European Aeronautic

MBDA (England)
\
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Pulsed Laser Can
Produce ...

* Single Event Transient (SET)
» Single Event Upset (SEU)

» Single Event Latchup (SEL)

» Single Event Snapback (SES)

* Dose Rate (y-dot)
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Pulsed Laser
Not Practical for....

* Single Event Gate Rupture

» Single Event Burnout in Power
MOSFETs
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Spatial Information
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Temporal Information
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lon LET Threshold from
Laser Energy Threshold?
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* No metal.

V. Pouget, IXL, France
» Large structures.
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Two Photon Absorption
(TPA)

Substrate transparent
e to single photon
sub-bandgap excitation

Tightly focused two-
<4 photon excitation
source

mm Region of 2 Photon
Carrier Generation

Circuit Layer(s{

« Substrate may require
thinning.

Surface elements opaque
to optical excitation
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Scaling

Gaussian
Beam

Gate Length = 0.1 um
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Physics Laboratory =

o ptical Technology "Divjiion Standaree g Technoiogy

Home Research Areas Products and Services

Glass fiber

Aluminum coating /

TTr— . Light wavelength (A) 500 nm
\ y Probe:
Incident Lioht aperture size (a) 25-100 nm
3 =500 Tm ' evanescent fiald a'm
' tip-sample gap 5-50 nm
Sample:
teature size < A
skin depth Q-
Optics:
Far-field detector 1-100 mm
Interference effects  A/4
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Scaling

Aperture diameter [nm]
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L. Novotny and D. W. Pohl, in Photons and Local Probes,
NATO ASI Series E, p.21-33, Kluwer Academic, 1995,
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Exotic Materials

* Adjust the wavelength to ensure
absorption.

traviolet shortwave

gamma X-rays rays infrared radar TV A
rays rays
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Equipment

.

Nd:YAG ps DL

1. Laser .
590 nm
A2
PD1
2. Stage Polarizer
DUT
|
. I V
3. Focusing
Optics Xyz
_J g PD2

CCD
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e < 100 ps pulse width
* Single shot to 100 MHz
* Pulse Energy = 8 pJ

« Multiple wavelengths

* Not sufficient intensity for TPA
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Summary

* Challenges for the pulsed laser:
— Metal
— Package
— Scaling
— Exotic materials
— Novel devices
— Equipment
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